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Abstract 
The aim of this study is to develop a numerical model of transient pipeline operations. The finite volume method (FVM) will be 
used to solved the energy conservation equations for the pipeline wall and steam. The steam temperature, the temperature of the 
pipeline wall and thermal stresses can be calculated using the numerical model developed in the paper. This model will be used 
to simulate the operation of the pipeline during start-up, load changes or shut-down of the boiler. 
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1. Introduction 
High-temperature steam pipelines in steam boilers are used to transport superheated steam from the boiler to the 
turbine.  During start-ups, shutdowns of the power units, and during load changes, high thermal stresses can occur in 
the pipeline wall and pipeline fittings. High thermal stresses and time-variable thermal stresses may lead to the 
premature damage of pipelines in the form of cracks. Knowledge of the range of stresses in critical components 
allows conducting the startup of the boiler in a way that provides a safe and long life of the boiler and turbine. Issues 
relating to the direct and inverse calculation and monitoring of thermal stresses in cylindrical components are the 
subjects of current research [1, 2]. The finite volume method (FVM) is used to determine the transient temperature 
of the steam and pipeline wall. Thermal stresses are also calculated. In this paper compared the temperature of the 
steam and the pipeline wall calculated using the analytical formulas and the proposed numerical model. The 
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superposition method will be used to determine the temperature of the steam and pipeline wall temperature 
analytically. In the analytical solution, the physical properties of the steam and metal are assumed to be independent 
of temperature. 
 
Nomenclature 
A cross-section area, m2  
cp   specific heat capacity at constant presure, J/(kg·K) 
cw specific heat capacity of the heat tube material, J/(kg·K) 
din inner diameter, m 
m  fluid mass flow rate, kg/s 
(n+1)  number of nodes in the radial direction, 
n number of nodes in finite difference grid, 
NTU number of transfer units, 
p absolute pressure, Pa 
r radius,m 
T temperature, oC or K 
t time, s 
x,y,z Cartesian coordinates, m 
w fluid velocity, m/s 
α heat transfer coefficient, W/(m2·K) 
Δr radial step ,m 
Δt time step size, s 
λ thermal conductivity ,W/(m·K) 
ρ density , kg/m3 
τ time constant, s 
τw time constant for wall, s 
τc time constant for steam, s 
 
2. Numerical model 
The governing equations for the steam are  
x mass conservation equations 
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x energy conservation equations 
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Transient heat conduction equation for the pipeline wall is as follows 
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First computational domain, i.e. the wall and the area occupied by the steam was divided into finite volumes. 
For each control volume lying both in the wall and the steam,  energy balance equations were formed. 
For example, the energy balance equation for node i is set for control volume located in the computational area of 
the wall (Fig.1.) 
 
 
Fig. 1. Wall temperature at the node i and adjacent nodes i-1, i+1, i-n-1, i+n+1. 
 
The energy balance equation for the node i is  
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In a similar manner, the heat balance equation for the i-th control volume located in the region occupied by steam 
can be set 
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After the formulation of all balance equations for the wall and steam, a system of ordinary differential equations for 
node temperatures is obtained. The system of ordinary differential equations was solved by the Runge-Kutta method 
of the fourth order. 
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3. Simplified analytical model 
The following simplifying assumptions were made: 
x the temperature of the steam in the pipeline cross sections is constant and depends only on the 
time and axial coordinate,  
x the temperature drop across the wall thickness is negligible,  
x axial heat conduction in the pipeline wall has been omitted, 
x the outer surface of the pipeline is perfectly thermally insulated, 
x physical properties of the steam and the wall material do not depend on the temperature and 
location. 
Equations for the  steam and  the pipeline wall are as follow: 
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Formulas for the transient temperature of the liquid and the wall for the abrupt and a linear increase in fluid 
temperature at the inlet of the pipeline are given in [3]. 
4. Results 
The paper presents the results of calculations of the pipeline connecting the boiler OP-380 with a steam turbine. 
The steam pipeline is made of low alloy steel 13HMF(C-0.18%,Mn-0.40%, Si-0.35%, Pmax-0.040%, Smax-
0.040%, Cumax-0.25%, Cr-0.60%, Nimax-0.30%,Mo-0.65%, Almax-0.020%). The main dimensions are outer 
diameter dout=0.324 m, the wall thickness s=0.04m, and length L=45m. 
 
Comparing the temperature of the fluid and the pipeline wall calculated using the analytical formulas and the 
proposed numerical method is depicted in Fig.2. From the analysis of the results shown in Fig. 2 it can be seen that 
in the initial stage of pipeline heating, the mean wall temperatures calculated from the analytical formula and by 
using the finite volume method differ significantly. In a further heating phase the pipeline, average temperature of 
the pipeline wall calculated from the analytical formula is similar to the internal surface temperature calculated 
using the numerical method developed. 
 
Fig. 2. Comparing the temperature of the fluid and the pipeline wall calculated using the analytical formulas and the proposed numerical method 
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Differences between the temperatures of fluid calculated using analytical and numerical methods are slightly 
different. 
Calculating the transient temperature of the fluid and pipeline wall was carried out for a different number of finite 
volumes across the thickness of pipe wall. 
Inspection of the results shown in Fig.3 illustrates that even at four finite volumes 
 
 
Fig. 3. The temperature of the inner and outer surface of the pipeline at the inlet z=45m, as a function of time t for various numbers of control 
volumes n across the thickness of the pipeline wall. 
This comparison indicates that the analytical formulas can only be used to calculate the temperature of the steam. 
It is possible to determine transient thermal stresses caused by the temperature difference across the wall thickness, 
using the model developed in the paper. Examples of calculations of the steam temperature, wall temperature and 
circumferential thermal stresses on the inner and outer surface of the pipeline have been presented. The calculation 
tests performed in the paper shows that the developed mathematical model can be used to simulate the actual 
pipeline heating or to cool in a power plant. 
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